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I did a few pilot experiments on 
isolated retinae, keeping careful note 
of where anterior and posterior were in 
the isolated retinal preparation. Having 
found a ganglion cell that gave good 
responses to motion, I made qualitative 
comparisons between responses 
to motion in opposite directions. 
Somewhat to my surprise I found that 
there often was a marked difference, so 
I eagerly looked to see which direction 
corresponded to anterior motion in 
the real world. What I found was “No 
consistent relation”. Worse still, the 
axes of motion that showed the greatest 
asymmetry of response seemed to 
vary all over the shop — it was not 
consistently the anterior– posterior axis. 
Discouraged that my hypothesis had 
failed, I gave up these pilot experiments 
and shortly afterwards left Cambridge 
for a year to work as a post-doc in 
Steve Kuffler’s lab in Baltimore. One 
of the many delights of that visit was 
getting to know Keffer Hartline, who 
had inspired my entry into visual 
neurophysiology, and he quite often 
invited me to picnic lunches on Sundays 
at his home in the Maryland countryside 
near Baltimore. On one occasion he told 
me a bit about Jerry Letvin’s not- yet-
published experiments on frogs, and 
said, with marked incredulity, that Jerry 
claimed that many ganglion cells gave 
asymmetric responses to motion in 
two opposite directions: “Had I ever 
seen anything like that?”, he asked. Of 
course I had to say that, well, yes, I had, 
and it was only at that moment that I 
realised what an important observation 
it was to have made. 
I think I know how my own 
theoretical preconceptions led me to 
make a fool of myself in this instance. 
Because I was preoccupied by my own 
hypothesis about whether the direction 
of motion was determined in the 
retina or more centrally, I had failed to 
appreciate the importance of observing 
directional selectivity itself (as we now 
call it) and reporting the evidence. 
I also had a theoretical disposition, 
shared I think with Jerry Letvin, that 
led both of us to be unsurprised by 
the retina doing something clever, like 
determining the direction of motion; 
this contributed to my total neglect of 
the phenomenon and to him reporting 
it, but without adequate experimental 
evidence proving that it actually 
occurred. I don’t think Hartline shared 
our view that the complex structures 
Cajal had revealed in the retina 
might get up to all sorts of non-linear 
tricks, and perhaps this saved him 
from anything worse than unjustified 
scepticism about the phenomenon. 
All this makes one realise that 
theories can blind as well as illuminate, 
and it’s obviously the reason why so 
many biologists believe that theory 
should be stamped out, or totally 
ignored if it cannot be eliminated. 
But that’s the wrong conclusion: my 
mistake was to have ignored all theory 
except my own rather trivial one, so 
we need more attention to theory, not 
less. There’s also the minor problem 
that, at least for me, I could never get 
around to making an observation or 
doing an experiment without ideas  
to test.
Do you have any regrets? Yes: I wish 
I had been less intimidated by the 
quite exceptional trio of physical and 
mathematical aces among my peers 
at school, and that I had learned a few 
more of their skills before I switched to 
biology.
What have been the major changes 
in science — for better or worse — 
since you started your career? 
There’s more financial support for 
science, and more science is being 
done. But competition for these 
resources has increased much faster, 
and I think we are a more harassed, 
less contented, and in a genuine 
sense less balanced and creative 
group than we used to be. We strive 
to get unimportant, unreliable trivia 
past the referees and have lost the 
sense that getting the right answer is 
a holy obligation. But perhaps this is 
just me getting old. Often I still come 
across work that fills me with genuine, 
intense, admiration, and it may be 
an illusion that when I was young 
there was more good work being 
done, and that it was accompanied 
by less inflated publicity. After all I 
was extraordinarily fortunate and 
privileged to have grown up as a 
biologist in Cambridge around 1954.
What do you think are the 
major unanswered questions in 
understanding the brain? Ask me 
next week, when I’ve figured it out. 
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“No man is an island, entire of itself” 
wrote John Donne. Going further, 
Steven Frank [1] recently pointed 
out that “all of life is social”. In the 
current climate of integrated, systems 
approaches to biology we are acutely 
aware that organisms interact socially 
with each other, and also with other 
species. The signals and cues that 
effect those interactions are commonly 
lumped together under the label 
communication, although the preferred 
semantics of this field change almost 
annually. Traditionally, the many 
disparate strands of communication 
research have struggled to meet, but 
we are now seeing the early stages of 
a synthesis. Evolutionary approaches 
to analysing communication systems 
are now commonplace in the study of 
all organisms from bacteria to plants 
and animals. Capturing the full breadth 
of communication research is the 
ambitious goal of this book, written by 
a large cast of authors and edited by 
d’Ettore and Hughes. This is no easy 
task and the current lack of cohesion 
between areas is evident, although 
encouragingly future points of contact 
that should lead to a synthesis are 
clearly signposted. 
This book has 16 chapters covering 
empirical research into model social 
species, alongside theoretical 
discussions of concepts and tools 
that might aid a fuller exposition of 
the evolution of communication. 
The brevity of each chapter helps 
give readers a quick flavour of many 
topics of interest and in my view fulfils 
the editors’ goal of eliciting a cross-
fertilisation of ideas among traditionally 
separate disciplines. There are thus 
many starting points for novel enquiry. 
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What is an aphid? Aphids are 
small, soft-bodied insects that 
feed by inserting their slender 
mouthparts into phloem cells, the 
food conduits of plants. Most aphid 
species feed on only one species 
of plant and closely related aphid 
species tend to feed on closely 
related species of plants. Once 
an aphid finds the correct plant 
species, it simultaneously feeds and 
reproduces. Offspring settle close 
to their mothers, spawning large 
colonies. Newborn nymphs molt four 
times, each time growing larger but 
otherwise looking similar to their 
previous incarnation.
Though small in size and simple in 
appearance (Figure 1), aphids have 
played an outsized role in the history 
of biology. Aphid embryos were first 
studied by Anton van Leeuwenhoek, 
who essentially discovered that 
aphids were parthenogenetic, 
although he thought they were 
hermaphroditic. Thomas Henry 
Huxley, Darwin’s ‘Bulldog’, 
calculated that in ten generations 
a single aphid might produce the 
biomass equivalent to 500,000,000 
stout men. Thomas Hunt Morgan, 
while founding Drosophila genetics, 
studied aphid cytogenetics to 
bolster the chromosome theory of 
sex determination. Aphids attack 
both common garden plants and 
several major crops, and are vectors 
for many plant viruses that cause 
more damage than the aphids 
themselves. Phylloxera vitifoliae 
decimated French grape vines in 
the late 19th century, until the vines 
were rescued by Phylloxera-resistant 
root- stocks from North America. 
Now, because of an aphid, all French 
wine is grown on American roots. 
An affair of the gut. Aphids 
feed on phloem, which poses two 
problems. First, phloem contains 
high concentrations of sugars. To 
avoid being — literally — sucked 
dry by the high osmotic potential 
of phloem fluid, aphid guts convert 
the abundant simple sugars into 
Quick guidesHistorically the diverse areas of communication research have rarely 
met, and this factor probably prompted 
my feeling that the order of chapter 
delivery in this book was counter-
intuitive. Naturally our investigation of 
any communication system has always 
been heavily influenced by our own 
language, and the historical progress 
of research has broadly progressed 
‘down’ from humans to other mammals, 
then birds, invertebrates and now 
bacteria. The editors have favoured 
such a taxonomic presentation, moving 
from a chapter discussing bacteria 
through higher taxa, to three dealing 
exclusively with humans, which 
reinforces the view that we understand 
the least about communication in 
the simplest organisms. There is a 
growing recognition, however, that 
bacteria are excellent (and amenable) 
models for investigating the evolution 
of cooperation and here Diggle et al. 
show that novel evolutionary insights 
can readily be obtained through the 
study of bacterial quorum sensing. 
Their chapter also serves to set the 
stage for subsequent chapters by 
providing an invaluable outline of the 
theoretical evolutionary framework 
which must be central to any analysis 
of communication and cooperation. 
In a later chapter, Matessi et al. 
discuss the application of network 
theory to the analysis of social 
interactions in birds, before chapters 
on chemical communication, 
especially its use by social insects 
where the bewildering variety of 
signalling compounds highlights the 
complexity of communication found 
in sophisticated social groups. There 
follows a valuable neurobiological 
insight into honeybee chemical 
communication from signal perception 
through to neural processing. Later 
chapters on the evolution of sexual 
signals and mate quality signalling 
lead us to a consideration of genetic 
aspects in the evolution of signalling 
systems. Haig examines the common 
language used when discussing 
communication in cell-to-cell signalling, 
where common genomes mean 
there should be no conflict, and 
behavioural ecology, where genetic 
differences make conflicts common. 
Haig argues that intra-genomic conflict 
influences signalling within individual 
organisms. Crespi then examines the 
role of genomic conflict in human 
linguistic evolution and shows how 
the disordered language characteristic of autism brings insights into human 
social evolution. This fascinating 
discourse on the pathology of 
language leads Crespi to contend that 
“psychosis represents the illness that 
made us human”. 
The final three chapters focus on 
formal treatments of communication. 
Hurford discusses what is so special 
about human language and how it 
might have evolved. Human language 
fundamentally differs from non-human 
forms of communication because it is 
learned, which in large part accounts 
for its diversity and expressiveness. 
The subject of teaching is further 
examined in the next chapter by 
Riboli-Sasco et al., where it is claimed 
that a very narrow human definition 
of teaching has constrained our 
ability to observe similar phenomena 
in other species. De Sousa rounds 
off with a stimulating philosophical 
analysis of how we might ‘grade’ 
communication and thereby distinguish 
the legitimate communicative elements 
found in interactions. The uses and 
shortcomings of formal tools for 
qualitative and quantitative analysis 
of information transfer are highlighted, 
before a call for better formal methods 
of conceptualising communication.
This book confirms that wherever 
we find cooperation we are also sure 
to find conflict, although the majority 
of previous studies on language and 
communication have focussed on 
its benefits. Thus, if it is true that ‘all 
life is social’, then it is also true that 
all social interactions are mediated 
by communication. The study of 
communication is fundamental to our 
understanding of interactions found 
in biological systems at all levels and 
across taxa. Although the evolution of 
communication underpins biological 
processes we are only just beginning 
to integrate research from numerous 
disciplines to produce a coherent 
synthesis. In support of this endeavour, 
d’Ettore and Hughes have assembled 
a diverse selection of chapters which 
provide a fertile starting point for 
researchers, especially for those 
working to synthesise communication 
concepts across disciplines. 
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